A nesthesia and surgery are conducted in technologically intense environments that are always potentially hazardous. Despite this, anesthesiologists are rarely forced intraoperatively to confront electrical safety problems, especially microshock. However, in this issue McNulty et al. (1) report two cases of microshock conducted via a pulmonary artery (PA) catheter. The authors deserve commendation for their rapid diagnosis and treatment of two situations of cardiac microshock, whose occurrence is rare but whose nature is very well known. Anesthesiologists are commonly concerned about fibrillation and dysrhythmia occurring during unipolar electrosurgery in patients with implanted, programmable cardiac pacemakers. Indeed, the most common piece of medical equipment to affect pacemaker function is unipolar electrosurgery (2). McNulty et al. emphasize, however, that patients having a PA catheter in place are always potentially susceptible to electrosurgically caused cardiac microshock, because of the PA catheter's wire (on the way to the thermistor) that passes through the heart.
The type of emergency that McNulty et al. dealt with probably occurs less frequently than intraoperative malignant hyperthermia (MH). However, both MH and cardiac microshock are examples of crises that anesthesiologists are expected to recognize and treat, although many will never encounter either one. Curiously, although many anesthesiologists have no trouble becoming interested in new concepts related to the diagnosis and treatment of malignant hyperthermia, few anesthesiologists exhibit excitement about being refreshed with new aspects of electrical safety.
The vaison d'2tre for this editorial should now be apparent. Anesthesiologists should be encouraged to benefit from the observations of McNulty et al. and use these two cases as reminders of old and new issues in operating room electrical safety (3) (4) (5) (6) (7) (8) (9) .
Microshock current was induced in the PA catheters of McNulty et al. because of capacitive coupling (a very old concept from classical physics) between the electrosurgical pen tip and the reference electrocardiogram (ECG) electrode that was disconnected from the patient but connected to the PA catheter. Most anesthesiologists are familiar with Ohm's law for direct currents: V = IR, or (voltage across a resistor) = (current through the resistor) X (resistance in ohms). Anesthesiologists are especially familiar with Ohm's law because they commonly use a hemodynamic form of it, mean arterial pressure (MAP) -central venous pressure (CVP) = cardiac output (CO) X systemic vascular resistance (SVR), for routine intraoperative calculations whenever a PA catheter is in place. In both the hemodynamic and electrical versions of Ohm's law, pressure is the product of flow and resistance.
It is necessary to go beyond Ohm's law to understand how capacitive coupling causes microshock in the cases reported by McNulty et al. First, the concept of a capacitor must be understood-which is easy, because a capacitor is nothing more than a circuit element consisting of two conductors separated by an insulator. Capacitance is directly proportional to a surface area characterizing the conductors and is inversely proportional to the distance of their separation. Second, it must be appreciated that, in alternating current circuits, a capacitor has impedance to current flow that is measured in ohms, the same unit used to specify resistance in a direct current circuit. The number of ohms impeding current flow through a capacitor is given by the formula: impedance (ohms) = 1/(2nfC), where f is the frequency of the alternating current and C is capacitance. As can be seen from the equation, capacitors that have a very high impedance at low frequencies (for example, at 60 Hz) will have a very low impedance at the high frequencies that are used in electrosurgery (-100,000 Hz and up) (3). In the cases of McNulty et al., the surface area presented by the loose ECG electrode and wire was large enough to provide capacitive coupling that would induce microshock. The offending current traveled from the electrosurgical pen tip to the ECG electrode on the PA catheter, and then down the PA catheter and through the heart. When the electrode and wire were properly connected to the patient, the hazardous situation was eliminated.
Capacitive coupling comes before the anesthesiologist's eyes in new forms today. Laparoscopic surgery, which commonly uses unipolar electrocautery, makes it possible for numerous metallic surfaces to enter the abdomen via different trocars, come in close contact with each other, and thereby form de fucfo capacitors (10,ll). It is no accident that trocars for laparoscopic surgery are made of plastic. This is done so that trocars do not form a capacitor by being conducting surfaces separated by a close distance. Nevertheless, there are publications regarding the possibility of accidental intraabdominal burns during electrosurgery, with the cause being capacitive coupling between metal instruments (10,ll). Obviously, biomedical engineers developing new advanced instrumentation for laparoscopic surgery are very concerned about capacitive coupling. It should be emphasized that conceptual issues here are not new. Where there is unipolar electrosurgery, there is a potential for unwanted capacitive coupling to vital tissues. As a result, there can be burns or, under circumstances where wires touch the heart, accidental microschock that causes fibrillation or dysrhythmia. About 10 years ago, in gynecologic surgery for tubal ligation sterilization, deaths resulted as a late complication of intraabdominal burns caused by unipolar electrocautery (12, 13) . (Since that time, bipolar electrocautery has been required if electrosurgery is employed for tubal ligation.)
It is also important that anesthesiologists know of a new, sophisticated electrosurgical device produced by modern technology, the argon beam coagulator (ABC) (14) . This is a unipolar surgical instrument used in surgical fields where there is potential for large blood loss, as in hepatic surgery. The electrosurgical pen tip of the ABC is a beam of low-density argon gas that will support electrical current. The advantage of the ABC is that its cutting tip-the pencil beam of argon gas that bounces off the target tissue-never accumulates burnt blood that would insulate the tip, causing surgery to be interrupted while the tip is scraped clean. Although the illuminated argon beam of an ABC might appear to the untrained eye to be a laser beam, it is not. The ABC is not a laser device, and its use more closely resembles arc welding.
Another new area of electrical safety relates to radiofrequency (RF)-induced burns during magnetic resonance imaging (MRI). When a pulse oximeter or ECG monitor with ordinary wire leads is attached to a patient in a MRI magnet, the metal wires can, under certain circumstances, act as antennas and accumulate RF energy, causing heat to build up that results in a burn (15) (16) (17) (18) (19) . Fiberoptic pulse oximeters, having no wires that go into the MRI magnet, have been developed that eliminate this problem (20) . One company has developed graphite wires for ECG monitoring during MRI, greatly reducing dangers associated with metal wires (Tom Foshee, In Vivo Research Inc., Winter Park, FL, personal communication, 1993). Vigilance is clearly required regarding RF-induced power deposition during MRI. New MRI instruments, capable of 20-30 images/s, are beginning to be installed (21, 22) and new problems in anesthetized patients with metal implants might occur, even though such implants are nonferromagnetic (23) .
Other old electrical safety issues (24) (25) (26) , such as fatal electrocution from ECG leads, have surfaced recently. In one instance, ECG-type leads from a newborn infant, intended for connection to an apnea monitor, were instead plugged directly into an electrical power cord (27) . In another instance, in an intensive care unit, there was a fatal explosion, apparently caused by the dangerous combination of a sparking faulty electrical circuit inside a ventilator and a leaking oxygen cylinder (28) .
A final timely topic of electrical safety relates to isolated power transformers and to macroshock. Macroshock is the potentially lethal exposure to humans of large currents (greater than 100 mA). Until 1984 all anesthetizing locations were required to have an isolated power system (IPS) with a line isolation monitor (LIM). The IPS and LIM warn that there is hazardous current flow in the case of a first fault. The IPS limits the fault current to a maximum of 5 mA, which is safe for humans. In 1984 the National Fire Protection Association (NFPA) made the use of an IPS optional in nonflammable anesthetizing locations, although an additional level of electrical safety protection was mandated for so-called "wet locations." Presently, the additional protection can be achieved by installing an IPS and LIM or by using ground-fault circuit interrupters (GFCIs), which cut off power to electrical outlets when a fault is sensed (29) . The decision between IPS and GFCI for a particular anesthetizing environment would depend on whether interruption of electrical power was tolerable. Because anesthesiologists participate in planning the construction and remodeling of operating rooms, they need to appreciate the impact of the 1984 NFPA revisions. We believe that few anesthesiologists would dispute the characterization of "wet" environment for numerous types of surgery and that few anesthesiologists want to invite or tolerate electrical power failures in such areas during their cases. We therefore urge, as have others (30) (31) (32) , that anesthesiologists insist, whenever appropriate, that new or remodeled anesthetizing locations be considered "wet" locations and that IPS LIM systems be installed to protect patients and operating room personnel from macroshock.
In summary, anesthesiologists should regularly review guidelines for the practice of electrical safety.
When misadventures occur despite attempts at safe practice, these should be investigated using professional procedures for determining the cause (33,341. The findings and lessons should be shared with colleagues so that new dangers can be avoided. New electrical devices have brought us a recurrence of old problems. The recurrences are rare, and they are far outnumbered by numerous electrical safety advances that have been developed by biomedical engineers. However, there is a minimum amount of electrical safety knowledge that anesthesiologists must have so that they can appropriately react to new forms of old problems.
